Abstract. General population surveys as well as business surveys are affected by low response rates. There is a need to investigate possible ways to increase participation in surveys and to motivate interviewee in answering questionnaires. Even in official statistics the problem is relevant since lack of motivation undermines not only participation to the survey, but it is related to the timeliness in participation, the quality of the answers and hence the quality of the measurements of socio-economic phenomena. A possible approach to cope with this problem, which has received attention in recent years, is targeted design. In targeted designs, several survey features may be the object of interventions (timing of contact, number of contact attempts, mode of contact, interviewers' assignment, communication features, etc.). In our paper, we consider the invitation letter, which is one possible targeted feature. This is related to motivation to respond to surveys and to respond accurately, completely, and timely. We analyze a case study in the UK Household Longitudinal Study Innovation Panel. At wave 6 of the panel, a randomized experiment was carried out to study the effects of targeted initial letters [1] . We investigate effects of targeted initial letters on sample composition, representativity, and item non-response.
Introduction
To cope with the problems caused by non-response, recently, researchers have explored the idea of treating sample subgroups differently and intervening in the data collection process in order to achieve a "better" response set. Different terms are used to identify these methods, such as targeted design, responsive design, adaptive design, tailored design [2] [3] [4] . They all refer to slightly different versions of the method. In general, these methods are a response to an increasingly difficult survey climate characterized by declining budgets, rising costs and falling response rates [5] . Using these methods, the researcher tries to achieve goals such as variance minimization, non-response bias minimization, response rate maximization or even measurement error reduction. See [6] for an overview of the literature on the variety of approaches, on possible applications and on a critical discussion of some experimental studies.
Targeting survey features to sample units is currently a topic of research at National Statistical Institutes (NSIs). Experiments have been performed by NSIs mainly in the cross-sectional context (e.g. [4, 7, 8] ). In general, the method proved to be useful. However, it is not standard practice yet. [9] provides theoretical and empirical evidence that a more balanced response achieved by the implementation of adaptive survey designs coincides with less non-response bias, even after adjustment.
In general targeted designs are focused on the reduction of biases while several other aspects have received little attention in the literature. Targeted design could have side effects on quality indicators other than those considered in the implementation of the design. This is related to the complexity of the concept 'data quality'. Many characteristics of the collection process affect data quality and, as a consequence, various quality measures should be used and the interaction among indicators should be evaluated in a Total Survey Error (TSE) perspective. This is even more important nowadays that changes in data collection tools and processes are currently being undertaken. IT diffusion is changing survey tools and the context where surveys are administered, the modes used in data collection, and the interaction among data quality aspects. As a consequence, innovative data collection ways also allow for continuous improvement and for monitoring better quality achievement.
In this paper, the focus is on manipulations to motivate interviewee in answering questionnaires. This can be achieved by interventions on initial letters. In interviewer administered surveys, the letters take the form of prenotification letters: sample members are sent letters notifying them that an interviewer will be calling. In mail and web surveys, they are invitation letters, inviting sample members to complete the survey. In both cases, initial letters generally describe the purpose of the survey, its length, and provide information on incentives, the legitimacy of the study and privacy issues. The purpose of these letters is mainly to motivate cooperation [10] . The influence can come from different sources: recognition of an authority [11] , appeal to altruism [12] , social validation [13] , softening concerns regarding the use of the data [14] , and interest in the survey topic [15] . The focus here is on interest in the topic of the survey. Sample members who are interested in the topic of the survey have a higher chance to respond than someone who is not interested [16, 17] . Further, [18] finds that the effect of follow-up procedures is larger for those less interested in the survey topic. These effects may be related to the leveragesaliency theory [19] , which postulates that features of the survey design have different impact on different kinds of people. Suitably-worded targeted initial letters should be more likely than standard letters to invoke feelings of the survey being relevant and salient (e.g. [20] ).
Motivation is also related to the accuracy and quality of the answers. It is expected that the interviewee will provide more accurate answers when he/she is very motivated [21] . An important indicator of the quality of the data is the amount of item missing data [22] . This is a critical aspect, as analysts typically only use complete cases to perform analyses. However, this results in a loss of information and potentially in biased estimates. [23] investigates the determinants of item non-response, which are underpinned in the disturbances in the question-answer process: understanding the question, retrieval from memory of relevant information, "computation" of a judgement, communication of the answer. In each phase something may go wrong and lead to item non-response. Motivation can affect the question-answer process and thus item nonresponse [24] . [25] argues that a highly salient question will in many cases improve recall and reduce "do not know" answers.
In the spirit of targeted design, we consider targeted versions of the letter, which aim at emphasising different aspects of the survey content to different people in order to increase the leverage and saliency of the survey. To the best of our knowledge, this kind of manipulation was first considered by [1] , where the author investigates the effects of targeted letters on response rates. Building on results in [1] , and considering the quality of a survey from a larger perspective, we empirically investigate possible effects of targeted letters with respect to several quality aspects: sample composition, representativity, and item non-response. The analysis thus provides information on how it is possible to improve the quality of the data. A second aspect of interest, which will be the object of another paper, is to study the impact of this method on final estimates. Overall this empirical investigation is important for economic analyses, as it represents an initial step towards the improvement of the panel data quality, that will have an impact for researchers and policy makers using the panel.
The analysis is based on a randomised experiment carried out in the longitudinal study Understanding Society Innovation Panel in 2013 (see Section 3 for detailed description). As pointed out in [26] , the longitudinal context entails several advantages for the implementation of targeted designs. Indeed, in longitudinal studies, targeted designs could take advantage of the wealth of information on panel members, collected during recruitment and over time, which could be exploited to improve the data collection process. Some constraints in implementing targeted designs are reduced in the longitudinal framework, e.g. in identifying special groups to be targeted. Nevertheless, such strategies are not used in longitudinal surveys on a standard basis and only a few experiments have been performed [26] [27] [28] . Further, the longitudinal context allows a deeper analysis of the effects of the intervention, taking into account several aspects of the sample characteristics.
In Section 2, we formulate our research questions. Section 3 describes the data and the experiment. In Section 4, we describe the results. Section 5 concludes.
Research question
[1] investigates whether, and in what circumstances, targeted letters perform better (in terms of response rates) than standard letters. The author does not find an overall increase in response rates. He finds pos-itive impact for two operationally important low response propensity groups though: previous wave nonrespondents and persons who had joined the panel more recently. Further, he finds that the impact differs between modes of data collection. His empirical analysis refers to the same experiment we are considering. Building on the abovementioned results by Lynn, we formulate the following research questions.
First, if targeted letters improve response rates in low response propensity groups, we expect that the composition of the sample changes. Indeed, low response propensity groups are expected to be different from high response propensity groups, with respect to a number of variables. Reluctant respondents and respondents difficult to reach are likely to be quite different [20] . We thus hypothesise that targeted letters change sample composition with respect to standard letters.
Second, interest in the survey topic should increase commitment to respond accurately. Our hypothesis is thus that targeted letters decrease item non-response in the survey questionnaire compared to standard letters.
Finally, given that significant effects on response rates are found only in specific circumstances [1] , the third research question is whether the use of targeted letters induces any difference in effects investigated in the first two research questions compared to standard letters under these circumstances.
Data and experiment
Understanding Society is a longitudinal panel survey of individuals in the UK [29] . Annual interviews run since 2009 on around 100000 sample members. Surveys are about housing, economic activity, health, income, political attitudes, and several other topics. For methodological experiments and testing that could lead to improvements in the main panel, Understanding Society includes the Innovation Panel (IP). See [30] for details.
In this paper, we focus on Wave 6 of the Innovation Panel (IP6). The target population for the IP is all individuals aged 16 or over and living in England, Scotland, or Wales. The IP consists of a stratified clustered probability sample of households in Great Britain. All members of selected households are included in the panel. An initial sample of 2760 addresses was included from Wave 1 in 2008. 960 were added at Wave 4 in 2011 by means of a refreshment sample. As for data collection modes, in Wave 5 all sample members were randomly allocated to one of two mode treatments [31, 32] . One third were allocated to a singlemode CAPI design and two-thirds were allocated to a sequential mixed-mode design in which sample members were first invited to complete the survey online, with non-respondents followed up by CAPI. In Wave 6 the same mode treatment was applied, with an additional telephone mop-up phase.
At Wave 6, a randomized experiment to test whether letters targeted at particular sample subgroups and referring to issues of likely special importance to them could positively affect participation was undertaken [1] . All sample persons aged 16 or over and eligible to be in the field for wave 6 were randomly allocated, with equal probabilities, to two groups (treatment and control group). Random allocation to treatment of standard versus tailored letter was of households within PSUs. The control group received standard letters. The treatment group received targeted initial letters. In the treatment group, five population subgroups, depending on socio-demographic characteristics, were chosen for targeting. These correspond to groups with relatively low propensity to respond. Sample members in the treatment group that was not possible to allocate to any target group due, for example, to missing data, were sent standard letters. This entails six different versions of the letter sent to six different subgroups in the treatment group. Members of the same household may receive different versions of the letter. Targeted groups are defined as follows. Panel members are assigned to group according to a priority order.
- The targeted letter enlisted respondents by saying that Understanding Society "helps researchers and policy makers understand the changes in the needs of the country across diverse subjects like. . . " and specific group interests were cited. The full letter is available on Understanding Society website.
The analysis presented in this paper is based on 2733 sample persons aged 16 or over that were issued to the [33, 34] .
With respect to mode, data were collected under two different circumstances: mixed-mode (web, followed by CAPI) and CAPI only. Notice that the letter has a different meaning depending on mode. For those assigned to the CAPI group, the initial letter was a prenotification letter sent in advance to the visit by a CAPI interviewer. For the other two-thirds of the sample assigned to the mixed-mode group, the letter was an invitation letter to a web survey. Effects of targeted letters may also differ between the two contexts.
Notably, [1] finds positive impact for two "operationally important" low response propensity groups though: previous wave non-respondents and relatively recent panel entrants. Further, he finds that the impact differs between modes of data collection. In particular, the positive effect on response rates for previous wave non-respondents is restricted to the mixed-mode context, while the positive impact on recent panel members appears to be restricted to single-mode CAPI context.
Results
Fieldwork outcome is shown in Table 2 , where classification of outcomes is made according to [35] . No- tice that in the IP, there is a brief proxy interview about adults impossible to be interviewed. We considered these as nonresponse. Since targeted letters were addressed to sample members, it makes little sense to consider their effect on the propensity of other persons to provide proxy response for them. Looking at the reason for proxy response, we classified proxy responses as either noncontact, refusal or other. If the reason was 'Unable to contact', we classified non-response as non-contact, if it was 'Individual refused but allows proxy' we classified non-response as refusal, otherwise we classified non-response as other non-response. This method lead to a rather high level for the category 'other non-response'. In Section 4.1, we first compare the composition of the panel (respondents) in the two treatment groups, to investigate whether the treatment (targeted letter versus standard letter) produced any difference with respect to sample composition. Next, we look in detail groups where [1] finds significant effects of the treatment on response rates. In Section 4.2, we consider item non-response, both overall and under specific circumstances.
We report unweighted results. This is justified by the fact that we are interested in the functioning of the panel and the impact of the targeted letters on the behaviour of panel members. A weighted analysis inferring to the effects of targeted letters on population distributions and estimates would also be very interesting, especially for substantive users.
Sample composition
In this section, we examine whether the two different letters have different implications for sample composition. In other words, is sample composition affected by targeted intervention? This issue is very important as it could have an impact on final estimates. Table 3 shows the marginal distributions in the two treatment groups together with p-values from tests for independence between treatment and the variables gender, age, ethnic group, having a job, household type, number of children in the household, marital status, urbanicity, and education. Overall at the 5 percent level of significance, only age shows a statistically significant difference between the two groups. This is probably related to the fact that the definition of targeted subgroups takes age into account. Table 4 reports the effect of the targeted letters on variables related to health, the financial situation of panel members and their political interests. This is possible thanks to the wealth of information available on panel members and in general would not be possible in the cross-sectional context. Looking at results, no significant difference is detected between the two samples overall.
Let us now look at specific subgroups where [1] finds differences in response rates: previous wave non-respondents with data collected in a mixed-mode design and recent panel entrants with CAPI interviews. Consider the first group -previous wave nonrespondents in mixed-mode design. Tables 3 and 4 show that, for data collected under these circumstances, differences in sample composition may be observed between those who received targeted letters and those who received standard letters. At the 5% level of significance, differences may be observed with respect to age, household type, and a political related variable, namely 'Closer to one political party than others'.
As for the second group where targeted letters are found to be particularly effective -refreshment sample with CAPI interviews -fewer differences in sample composition are observed. At the 5% level of significance, only education shows a statistically significant difference.
In longitudinal surveys it is difficult to ascertain whether the composition of the sample improves after a treatment as there are no reference values to look at. To give an overall idea of the representativeness of the two groups, we compute R-indicators. This set of indicators is based on the concept of representative response. The overall R-indicator is an overall measure of representativity. It varies between 0 and 1, with the value 1 indicating the most representative response and the value 0 indicating the least representative response [36] . Partial indicators provide information on the contribution of single specified variables (and their categories) to a lack of representative response [37] . Rindicators can also be used to derive bias intervals for commonly used estimators [9] .
We study the representativity of each group with respect to the sample of individuals issued to the field at Wave 6. We therefore adopt a marginal approach. Refer to [38] for details about studying the representativity of longitudinal panels. To compute the R-indicator, we fitted separate logistic regressions at Wave 6 for each treatment group. The dependent variable is the response indicator. Covariates are socio-demographic variables -gender, age (5 categories), household type, number of children, employment status (2 categories) -as well as mode and time in panel. Predicted response propensities from the model are used to compute the indicators. Adjustments for overall and for variable level indicators are applied (as suggested in [37] for sample sizes less than 15000). The overall R-indicator for the targeted group is 0.82, with confidence interval (0.77, 0.87), while for the control group it is 0.78 (0.71, 0.85). As the two confidence intervals overlap, the difference of the overall representativity in the two groups is not statistically significant. Note though that confidence intervals are quite large and this is due to the relatively small sample sizes in the two groups. Partial indicators show lack of representativity with respect to age and household type. Confidence intervals in the two groups are overlapping.
With respect to the first research question, it is only partially confirmed. Overall, only small changes could be detected in sample composition. As for the third research question related to sample composition, it is confirmed as differences in sample composition could be detected in the two subgroups where improvements in the response rate were observed.
Item non-response
In this section, we compare the two treatment groups in terms of item non-response. We consider three measures. The first one is an overall item non-response rate. We report the mean item non-response rate, based on over 1000 items in the individual questionnaire, including six items about unearned income sources. The reported rate is the proportion of items for which the respondent was eligible, to which he/she answered "don't know" or "refused". The second measure refers to the proportion of employed respondents who did not provide an answer for their last gross pay. This item is important for the derivation of income measures and it is prone to high levels of item non-response. The third measure is the proportion of eligible respondents who did not provide information on savings and investments. This item was selected as it is the one with highest levels of item non-response in the questionnaire. Table 5 reports results for the overall sample and for specific subgroups. We see that overall no differences are observed between the two groups with respect to item non-response. Looking at specific subgroups, we see that for previous wave non-respondents with data collected by mixed-mode, the item non-response rate for last gross pay was significantly higher with targeted letter than standard letter (P = 0.04). Thus, for this group, higher response rates were observed with targeted letters but the quality of the answers, as measured by item non-response, is lower.
Looking at the refreshment sample with CAPI interviews, at the 10% level of significance a statistically significant difference is observed for item nonresponse rate for last gross pay. Targeted letters show lower level of item non-response rate.
The second hypothesis is thus rejected: no differ- ences are found with respect to item non-response between the two groups overall. As for the third hypothesis, it is partially accepted: CAPI interviews in the refreshment are more accurate when targeted letters are received, the opposite happens in mixed-mode for previous wave non-respondents.
Conclusions
Motivating in survey participation is an important issue for survey quality both in general population and in business surveys. The matter is relevant for official statistics as well as for academic and market research surveys. Understanding how motivation affects participation could help official statistics to take advantage of the integration of the survey process with administrative data and paradata to redesign the surveys and to monitor the survey process.
In this study, we have discussed some evidence on the effects of targeted initial letters in a general population panel, with respect to sample composition and item non-response.
The findings show that targeted initial letters may have an effect on sample composition. The effects are uneven across sample subgroups and survey design circumstances. Effects are found also with respect to item non-response.
We particularly investigated cases where improvements in response rates were observed [1] , namely, previous wave non-respondents under mixed-mode design and recent panel members with CAPI interviews.
For the first group -previous wave non-respondents under mixed-mode design -differences are found for sample composition with respect to a number of variables. As it regards the quality of the answers, we found higher levels of item non-response for last gross pay. As for the second subgroup identified by [1] -recent panel members with CAPI interviews -we find fewer differences in sample composition between the two treatment groups. Item non-response rate for last gross pay is lower in the targeted group in this case.
This finding suggests that targeted letters may give a useful contribution in the longitudinal context for the maintenance of the panel. However, results are not conclusive and appear to be dependent on specific contents. Further experiments and studies should be undertaken to better clarify the effect of targeted letters.
